
. I  

1 

~ 

DETECTION TECHMIQUES FOR TENUOUS PLANETARY ATMOSPHERES 

S t m ; r t  A, EGeni& 
Melvin M, Eisenstadt 
Charles W. Carlson 

FOURTH SIX-MONTH REPORT 
January 1, 1965 - June 30, 1965 

NsG-458 

ENGINEER1 NG RESEARCH LABORATORIES 
COLLEGE OF E N G I N E E R I N G  

U N I V E R S I T Y  O F  A R I Z O N A  

T U C S O N ,  A R I Z O N A  



FOURTH SIX-MONTH REPORT 

January 1, 1965 - June 30, 1965 

NsG-458 

DETECTION TECHXIQUES FOR TENUOUS PLANETARY ATMOSPHERES 

TO 

D r .  T.  L .  K. Smull 
Grants and Research Contracts  O f f i c e ,  Code SC 
Na t iona l  Aeronautics and Space Adminis t ra t ion 

Washtinton, D. C .  20546 

S t u a r t  A .  Hoenig, P r o j e c t  D i r e c t o r  
Melvin M. E i sens t ad t ,  Graduate Assoc ia t e  

Charles  W .  Carlson, Graduate A s s i s t a n t  

F i e l d  Emission and Space Systems Laboratory 
Department of Aerospace and Mechanical Engineering 

The Un ive r s i ty  of Arizona 
Tucson, Arizona 



ABSTRACT 

A f i e l d  i o n i z a t i o n  de tec to r  f o r  water  vapor (range 5010'~ - lom3 

t o r r )  has  been developed. 

a lmost  no s e n s i t i v i t y  t o  (0) and no s i g n  of  the formation of  (NH3) from 

(N2) and (H20). 

Tests i n  (0) and N2 + H20 mixtures  i n d i c a t e  

A chemisorpt ion d e t e c t o r  f o r  water  vapor has  been developed, 

(range - t o r r ) .  This  de t ec to r  i s  s e n s i t i v e  t o  (CO) and can be 

used a s  a d e t e c t o r  f o r  (CO) i n  vacuum systems. This  system can ope ra t e  

i n  a hydrocarbon atmosphere. 

A s u r f a c e  i o n i z a t i o n  de tec to r  f o r  (H2) i n  a i r  has  been developed, 

( range 0.54 t o  4.5$). A s i m i l a r  de t ec to r  f o r  (CO) i n  a i r  i s  under s tudy .  

R e s u l t s  on the  chemisorption of (H) ve r sus  (H2) on pal ladium a r e  

g iven .  It i s  p o s s i b l e  t o  sepa ra t e  the  e f f e c t s  of (H) ve r sus  (Hz). 



I. INTRODUCTION 

Th i s  r e p o r t  w i l l  cover the work performed a t  The Un ive r s i ty  of  

Arizona F i e l d  Emission and Space Systems Laboratory between January 1, 1965 

and June  30, 1965 on Contract  NsG-458. This c o n t r a c t  was o r i g i n a l l y  set  

up t o  cover the  development of  new types  of i n s t rumen ta t ion  f o r  lunar  and 

p l ane ta ry  e x p l o r a t i o n .  The work under way and p r o j e c t  s t a t u s  t o  d a t e  w i l l  

be reviewed i n  s e v e r a l  s epa ra t e  s e c t i o n s  below. 

11. CHEMISORPTION DETECTOR FOR HYDROGEN 

Completed i n  1964 and published i n  The R e v i e w  of S c i e n t i f i c  In -  

s t ruments  f o r  January 1965. Present  range t o  t o r r ;  f u t u r e  p l ans  

c a l l  f o r  an ex tens ion  of range from 10-4 t o  t o r r .  

Our f i r s t  a t tempts  t o  extend the  u s e f u l  range of  the d e t e c t o r  by 

us ing  a palladium-coated tungs ten  f i lament  were unsuccessfu l .  

pal ladium c o a t i n g  i s  being app l i ed  t o  the  f i lament  and we  hope t h i s  w i l l  

so lve  t h e  problem. 

A t h i c k e r  

111. DETECTORS FOR WATER VAPOR 

I n  our  l a s t  r e p o r t  we discussed t h e  d e t e c t i o n  of water vapor  and 

t h e  two p o s s i b l e  approaches t o  t h i s  problem. 

A .  F i e l d  I o n i z a t i o n  

The f i e l d  i o n i z a t i o n  d e t e c t o r  has been t e s t e d  and w e  i nd ica t ed  

i n  our  l a s t  r e p o r t  t h a t  it ope ra t e s  over  t h e  range from 5*10'6 t o  

t o r r  of  water vapor .  

The d e t e c t o r  has  been t e s t e d  i n  (CO) and no response was d e t e c t -  

ed except  a t  t h e  ve ry  h ighes t  (CO) pres su res  (lom4 t o r r ) .  Th i s  i s  somewhat 

s u r p r i s i n g  s i n c e  (CO) has a d i p o l e  moment withip.  a f a c t o r  of 18 of  water 

(CO = O . l ) ,  H2) = 1.85) .  Apparently the condensat ion e f f e c t ( l J 2 )  of  water 
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i s  most important i n  t h e  i o n i z a t i o n  phenomena. 

The i n t e r a c t i o n  between (N2) and (H20) appears  t o  be no problem 

over any reasonable  range of (N2, H20) p r e s s u r e s .  

appa ra tus  w i l l  be needed f o r  exp lo ra t ion  of (N2, H20) pres su res  above lom3 

t o r r .  We hope t o  have t h i s  apparatus  i n  o p e r a t i o n  i n  t h e  f a l l  of 1965. 

C e r t a i n  new p i e c e s  of 

We have had f u r t h e r  correspondence w i t h  D r .  Beckey of t h e  Univer- 

s i t y  of  Bonn (Germany). He suggested t h a t  w e  use plat inum r a t h e r  t han  

tungs t en  t i p s  and a f o r t y - t i p  platinum emitter has  been designed and b u i l t .  

Tests w i t h  t h i s  s y s t e m  have i n d i c a t e d  t h a t  i t  o p e r a t e s  properly 

b u t  w e  must  provide f o r  c a r e f u l  c o n t r o l  of t h e  d i s t a n c e  between the  t i p s  

and t h e  c o l l e c t i n g  sc reen .  A new i o n i z e r  s y s t e m  w i l l  provide f o r  microme- 

ter c o n t r o l  of t he  t i p - t o - s c r e e n  d i s t a n c e .  W e  hope t o  c o n s t r u c t  t h i s  

appa ra tus  during t h e  summer of 1965 and test  i t  i n  the f a l l  of 1965. This  

w i l l  permit  more a c c u r a t e  c a l i b r a t i o n  of t h e  d e t e c t o r  a s  w e l l  a s  providing 

h i g h e r  i on  c u r r e n t s .  

I n  ou r  l a s t  r e p o r t  we ind ica t ed  t h a t  t h e  n o i s e  l e v e l  i n  the  f i e l d  

i o n i z e r  i nc reased  a t  low water  vapor p re s su res  (< t o r r ) .  I n  h i s  p a t e n t  

on t h e  f i e l d  i o n i z a t i o n  source (US-345407) Beckey d i s c u s s e s  t h i s  and sugges t s  

methods f o r  reducing t h i s  no i se  problem. 

Our experiments w i t h  a pulse i o n i z a t i o n  system have not  y e t  been 

s u c c e s s f u l  but i f  necessary,  the noise can be reduced by t h e  e l e c t r o n i c  

methods Beckey sugges t s .  

B. Thoriated Tungsten Filament Chemisorption De tec to r  f o r  Water Vapor 

The r e s u l t s  of t h i s  d e t e c t o r  w i t h  water vapor were discussed i n  

o u r  l as t  r e p o r t .  It w a s  i n d i c a t e d  t h a t  t h e  d e t e c t o r  operated from t o  

lom8 t o r r  of water vapor .  

t h e r e  is some response t o  (CO). However, i t  i s  an  i n c r e a s e  r a t h e r  t han  a 

Tests of t h i s  d e t e c t o r  i n  (00) i n d i c a t e  t h a t  
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decrease  i n  c u r r e n t  a s  i s  the  case  f o r  ( H 2 0 ) .  

The r e a c t i o n  of carbon monoxide on the  t h o r i a t e d  tungs ten  f i l amen t  

i s  a complex one which depends upon f i lament  temperature  and previous ex- 

posure t o  wa te r  vapor.  

b l e  t o  s e p a r a t e  t h e  e f f e c t s  of (CO) from the  e f f e c t s  of  (H20).  

w e  show a c a l i b r a t i o n  curve of t he  response of t h e  d e t e c t o r  t o  (CO). We do 

n o t  p l o t  a s i g n a l  t o  noise  r a t i o  i n  t h i s  case  s i n c e  t h e  base c u r r e n t  i s  not  

a n o i s e  c u r r e n t  bu t  i s  dependent upon t h e  temperature of t h e  f i l amen t .  

By ope ra t ion  a t  t h e  proper  temperature  i t  I s  poss i -  

I n  Fig. 1 

Since  (CO) i s  a common r e s i d u a l  gas i n  vacuum systems, a d e t e c t o r  

f o r  (0) may be u s e f u l  i n  vacuum research .  

f u t u r e  s tudy .  

W e  hope t o  exp lo re  t h i s  i n  a 

The chemisorpt ion d e t e c t o r  f o r  water  vapor may have s p e c i a l  u t i l i t y  

f o r  t h e  d e t e c t i o n  of water vapor i n  the  presence of hydrocarbon gases .  A 

series of tests i n  methane have ind ica ted  t h a t  t h e  d e t e c t o r  i s  s e n s i t i v e  t o  

a s  l i t t l e  a s  t o r r  of water  vapor i n  t h e  presence of t o r r  of m e -  

thane.  

Fu r the r  work on t h i s  d e t e c t o r  w i l l  be planned when t h e  r e s u l t s  of  

t h e  Mars Mariner IV experiment a r e  a v a i l a b l e .  

IV. SURFACE IONIZATION DETECTOR FOR HYDROGEN 

Since  our l a s t  r e p o r t  t h i s  d e t e c t o r  has  been c a r e f u l l y  c a l i b r a t e d  

over  t h e  range from 0.5 per  cent  H2/air t o  4.5 per  cen t  H 2 / a i r  by volume. 

This  response  i s  q u i t e  l i n e a r  and reproducib le .  

l y  w e l l  i n  H /N 

combustion-type d e t e c t o r s  cannot ope ra t e .  

The d e t e c t o r  ope ra t e s  equal -  

o r  H2/air m i x t u r e s  making i t  u s e f u l  i n  s i t u a t i o n s  where 2 2  

The r e s u l t s  of t h i s  work have been submitted t o  The Review of 

S c i e n t i f i c  Ins t ruments .  A t y p i c a l  c a l i b r a t i o n  curve i s  shown i n  F ig .  2 .  
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Plans a r e  under way t o  inc rease  t h e  s e n s i t i v i t y  of t h i s  d e t e c t o r  

by e n l a r g i n g  the  i o n i z i n g  s u r f a c e  and i t  should be p o s s i b l e  t o  o p e r a t e  a t  

H2/air r a t i o s  below 0 . 1  per  cen t  q u i t e  e a s i l y .  

A t  p r e s e n t ,  t h e r e  i s  no)good t h e o r e t i c a l  understanding of t h e  

s u r f a c e  i o n i z a t i o n  p rocess .  A c a r e f u l  s ea rch  of t h e  l i t e r a t u r e  ( 3 , 4 9 5 )  re-  

v e a l s  somewhat c o n f l i c t i n g  opinions and some au tho r s (5 )  ques t ion  t h a t  t h e  

e f f e c t  even e x i s t s .  I n  o rde r  t o  s e t t l e  t h i s  deba te  we a r e  b u i l d i n g  a small 

mass-spectrometer similar t o  t h a t  descr ibed i n  Ref.  6 .  This  w i l l  permit 

a n a l y s i s  of t h e  i o n s  from t h e  heated Pd s u r f a c e .  

V. CHEMISORPTION DETECTOR OF H VERSUS H2 

The d i f f e r e n t i a l  chemisorption of (H) v e r s u s  (H2) has been measured 

o n  pal ladium and t h e  r e s u l t s  a r e  shown i n  F ig .  3 .  It i s  somewhat s u r p r i s i n g  

a t  f i r s t  t h a t  (H) atoms a r e  less a c t i v e  i n  chemisorpt ion than  (H2) molecules.  

However, t h i s  can be understood i f  we consider  t h e  processes  involved i n  the  

experiment.  

The hydrogen beam impinged upon a h o t  ( 1000°C) palladium f i l amen t ,  

and a f r a c t i o n  of t h e  beam was chemisorbed. This  chemisorption r e s u l t e d  i n  

a lowering of t h e  palladium work func t ion  (7). 

emiss ion  c u r r e n t  from t h e  f i l amen t  increased a s  t h e  hydrogen coverage i n -  

c r e a s e d .  

Therefore ,  t h e  thermionic  

The thermionic  emission cu r ren t  was measured by c o l l e c t i n g  the  

e l e c t r o n s  r e l e a s e d  from t h e  f i lament  on a p o s i t i v e l y  b i a sed  g r i d .  Raw d a t a  

w a s  t aken  i n  t h e  form of beam source p re s su re  v s .  thermionic  emission cu r -  

r e n t  (I). The thermionic  emission c u r r e n t  was then normalized by d i v i d i n g  

i t  by ( Io) ,  where (Io)  was the  thermionic emission c u r r e n t  w i th  t h e  beam 

n o t  o p e r a t i n g .  Thus, ( Io)  r ep resen t s  t h e  emission c u r r e n t  from t h e  f i l amen t  
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when t h e  f i l amen t  was i n  a vacuum environment (about 10'' t o r r ) .  

sou rce  p re s su re  was converted t o  a quan t i ty  c a l l e d  "equ iva len t  hydrogen 

The beam 

pressure"  (Pe). 

number of gas p a r t i c l e s  impinging on the f i l amen t  per  cm2 p e r  second from 

t h e  beam i s  t h e  same a s  t h e  impingement r a t e  pe r  cm2 when t h e  f i l amen t  i s  

enveloped i n  a gaseous environment a t  a p re s su re  (Pe) .  The r e s u l t s  (I/f0) 

vs (Pe) a r e  shown i n  F ig .  3 f o r  both atomic and molecular beam o p e r a t i o n .  

The molecular beam d a t a  agrees  w e l l  w i t h  t h e  r e s u l t s  of Ref. 7, 

which i t  should.  The most s i g n i f i c a n t  p i ece  of information i n  t h e  f i g u r e  

i s  t h e  f a c t  t h a t  more hydrogen i s  chemisorbed from t h e  molecular beam than 

from t h e  atomic beam. The l i m i t s  of f r e e  molecular flow are shown i n  F ig .  

3 .  These l i m i t s  r e p r e s e n t  the po in t s  a t  which t h e  mean f r e e  pa th  of t h e  

hydrogen i n  the beam source was t e n  t i m e s  t he  diameter of t h e  beam o r i f i c e .  

Curve 1 i s  p l o t t e d  somewhat beyond t h i s  p o i n t ,  

By "equivalent  hydrogen pressure"  i t  i s  meant t h a t  t h e  

I f  one cons ide r s  a hydrogen molecgle s t r i k i n g  t h e  s u r f a c e ,  t h e  

fo l lowing  mechanisms w i l l  probably occur:  

1. The molecule i s  phys ica l ly  adsorbed on t h e  s u r f a c e  w i t h  a 

small  h e a t  of adso rp t ion  ( ,., 0 .2  k cal/mole) . 
2 .  The s u r f a c e  imparts  enough energy t o  t h e  molecule t o  d i s -  

s o c i a t e  i t  (103 k cal/mole).  

3 .  The two d i s s o c i a t e d  hydrogen atoms a r e  then  chemisorbed, 

w i t h  a h e a t  of adso rp t ion  of about 65 k cal /mole (8) , 

For the  atomic beam case,  only S tep  3 i s  necessa ry .  Thus, i t  

might appear t h a t  more hydrogen should be adsorbed from t h e  atomic beam. 

However, one more e f f e c t  must  be considered.  I n  o rde r  f o r  a n  

atom t o  be chemisorbed, t h e  k i n e t i c  energy which the  atom possesses  when 
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i t  s t r i k e s  t h e  f i l amen t  must be t r a n s f e r r e d  t o  t h e  f i l amen t  i n  a s h o r t  t i m e ,  

o the rwise  t h e  atom w i l l  l e ave  the  su r face .  This  problem has been considered 

by Zwanzig(’) and a l s o  by McCarroll and E h r l i c h  (lo). 

t h e r e  i s  a maximum k i n e c i c  energy which a n  impinging p a r t i c l e  may have i f  

i t  is  t o  be adsorbed. 

c a l  amount, i t  w i l l  no t  be adsorbed. The d a t a  i n  F ig .  3 can be explained 

i n  terms of t h i s  co l l i s ion -ene rgy  p i c t u r e .  

be given i n  our  next  r e p o r t .  

They conclude t h a t  

I f  i t  possesses more k i n e t i c  energy than  t h i s  c r i t i -  

A more d e t a i l e d  d i s c u s s i o n  w i l l  

V I .  FIELD-IONIZATION MASS SPECTROMETER SOURCE 

I n  o u r  l a s t  r e p o r t  we  mentioned the  prospect  of a f i e l d  i o n i z a t i o n  

source of a mass-spectrometer. This would be a n a t u r a l  outgrowth of t h e  work 

done on a f i e l d  i o n i z a t i o n  d e t e c t o r  f o r  water  vapor (Sect ion 111). 

We have had some extensive correspondence wi th  D r .  Beckey on t h i s  

p o i n t  and i t  i s  c l e a r  t h a t  he has a l ready c a r r i e d  the technique t o  t h e  de- 

velopment of a commercial instrument.  It i s  our f e e l i n g  t h a t  t h i s  type of 

i on  source  w i l l  be of g r e a t  importance i n  t h e  f u t u r e  and w i l l  e v e n t u a l l y  re- 

p l a c e  e l e c t r o n  i o n i z a t i o n  e n t i r e l y .  

I n  o rde r  t o  g a i n  some competance i n  t h i s  f i e l d  w e  have begun t h e  

d e s i g n  and c o n s t r u c t i o n  of a sma l l  mass-spectrometer s i m i l a r  t o  t h e  des ign  

r e p o r t e d  i n  Ref. 6 .  This  instrument w i l l  have permanent magnets and w i l l  

be swept i n  (E) r a t i o  by varying the app l i ed  e l e c t r i c  f i e l d .  

ment w i l l  a l s o  be used f o r  s t u d i e s  of p o s i t i v e  i o n  emission from metal s u r -  

f a c e s ,  S e c t i o n s  IV and V I I .  

e This  i n s t r u -  

V I I .  SURFACE IONIZATION DETECTOR FOR CARBON MONOXIDE 

During t h e  c a l i b r a t i o n  of t h e  s u r f a c e  i o n i z a t i o n  d e t e c t o r  f o r  

hydrogen w e  checked t h e  response of t h e  instrument  t o  a s e r i e s  of o t h e r  
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gases ,  i . e . ,  ( 0 2 ) ,  (N2), methane, (Coz), and (0). There was no s i g n i f i c a n t  

response t o  any of  t h e s e  gases ,  except (CO) . 
(CO) behaves chemically l i k e  hydrogen so t h e  response was n o t  t o o  

s u r p r i s i n g .  Since (CO) i s  a d i f f i c u l t  gas t o  d e t e c t  by e x i s t i n g  techniques,  

a program t o  develop a s u r f a c e  ion iza t ion  d e t e c t o r  f o r  CO was i n i t i a t e d .  

The r e s u l t s  t o  d a t e  a r e  shown i n  F i g .  4 .  Detec t ion  f o r  ((30) i s  poss ib l e  

over  a range from about 0.8 p e r  cen t  CO/air t o  4 p e r  c e n t  CO/air. 

p a r t i a l l y  covers  the  range where (CO) becomes dangerous t o  human l i f e .  C a l -  

i b r a t i o n  a t  h igher  CO/air r a t i o s  i s  poss ib l e  but  t he  exp los ive  l i m i t  i s  1 2  

per  c e n t  afid we dare not  approach t h a t  wi th  p re sen t  equipment. 

This  

Our  f u t u r e  p lans  c a l l  f o r  improvement of t h i s  d e t e c t o r  by develop- 

ment of a b e t t e r  i o n i z a t i o n  source to  improve s i g n a l  t o  no i se  r a t i o .  

A (CO) d e t e c t o r  might have a p lace  i n  the  Space Program f o r  moni- 

t o r i n g  of veh ic l e  environments.  There may a l s o  be an  i n t e r e s t  i n  a device  

of t h i s  type f o r  a n a l y s i s  of exhaust from automobiles.  These a p p l i c a t i o n s  

w i l l  be  explored under a s epa ra t e  program t o  be proposed t o  NASA. This  

program i s  expected t o  run  concurren t ly  wi th  t h e  p re sen t  i n v e s t i g a t i o n .  Both 

i n v e s t i g a t i o n s  w i l l  u s e  sFmilar  apparatus  and techniques  so t h e  j o i n t  program 

i s  a l o g i c a l  one.  

V I I I .  LARGE U-H-V SYSTEM 

I n  o u r  l a s t  r e p o r t  we ind ica ted  t h a t  t he  18 x 22 inch vacuum sys -  

t e m  had been i n s t a l l e d  and l eak  t e s t ed .  This  system i s  now ready-to-go and 

t h e  f F r s t  experiment w i l l  probably be an  i n v e s t i g a t i o n  of t h e  v a r i a t i o n  of  

s t i c k t n g  c o e f f i c i e n t  w i t h  molecular v e l o c i t y .  We hope t o  use hydrogen atoms 

and molecules i n  t h i s  i n v e s t i g a t i o n  t o  compare our r e s u l t s  w i th  those  d i s -  

cussed  i n  Sec t ion  I V .  
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IX. CONCLUSIONS AND FUTURE PLANS 

The development of new d e t e c t o r s  seems t o  have made progress  dur-  

i n g  t h i s  per iod .  Two new d e t e c t i o n  devices were developed and submitted f o r  

p u b l i c a t i o n .  Other devices  a r e  i n  var ious  s t a g e s  of  completion o r  develop- 

ment. A number of new d i r e c t i o n s  fo r  r e sea rch  have been ind ica t ed  and it  

w i l l  be  necessary t o  choose t h e  most f r u i t f u l  areas f o r  ou r  f u t u r e  e f f o r t s .  

The program i s  now e n t e r i n g  a new phase o f  a c t i v i t y  i n  the  sense 

t h a t  t h e  growth per iod ,  of seeking new a r e a s  f o r  r e s e a r c h  and developing 

techniques ,  i s  a t  an  end. What must be done now i s  the  hard choice o f  what 

r e s e a r c h  i s  most l i k e l y  t o  y i e l d  u s e f u l  r e s u l t s .  For example, t h e  ho t  f i l -  

ament d e t e c t o r s  a r e  most u s e f u l  i n  c e r t a i n  a r e a s  b u t  they a r e  n e c e s s a r i l y  

f r a g i l e ,  sub jec t  t o  burnout and genera l ly  poisoned by oxygen. 

i o n i z a t i o n  systems seem t o  overcome some of t hese  problems and f o r  t h i s  

r eason  we have begun t o  i n v e s t i g a t e  t h i s  a rea  more c l o s e l y .  

The su r face  

The a r e a  of mass-spectrometry i s  one which f i t s  r a t h e r  c l o s e l y  

w i t h  t h e  experience of our  group and we hope t o  e n t e r  t h i s  a r e a  a l s o .  

The chemisorpt ion d e t e c t o r  f o r  water  vapor i s  i n t e r e s t i n g  and 

s e n s i t i v e  but  un le s s  a need a r i ses  f o r  a d e t e c t o r  t h a t  can o p e r a t e  i n  a 

hydrocarbon atmosphere w e  probably w i l l  not i n v e s t i g a t e  i t  f u r t h e r .  

It would be most u s e f u l  to  have some feedback from NASA on what 

d e t e c t o r s  are  needed .  This  would aid i n  planning f u t u r e  programs and 

a r e a s  of r e sea rch .  
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